Ventriculoatrial shunts are employed in patients with communicating hydrocephalus to equalise the deficient absorption of the cerebrospinal fluid (CSF) in the presence of a constant CSF procduction (Hussey et al., 1970) . Because of obstruction in the intracranial subarachnoid space, the accumulation of CSF causes an initial elevation of the intracranial pressure and dilatation of the ventricular system without cortical atrophy (hydrocephalus internus). Alteration of the intracranial pressure and decreased cerebral blood flow by compression of cerebral vessels (Greitz et al., 1969; Mathew et al., 1975) are accompanied by the clinical picture of dementia, apraxia or other disorders of gait, incontinence of urine, and additional symptoms (Adams et al., 1965) . Diagnostic approaches such as pneumoencephalography and isotope CSF scintigraphy are sometimes misleading in the differentiation between patients with communicating hydrocephalus and presenile dementia, and thus cannot give a reliable indication for surgical therapy (Shenkin et al., 1973) . For this reason other diagnostic procedures such as intrathecal infusion of normal saline with control of CSF pressure (Hussey et al., 1970) , or continuous monitoring of intracranial pressure have been introduced (Symon, 1972) .
This report presents our observations on conAccepted 30 December 1976 tinuous recording of CSF pressure and its reaction to intrathecal infusion in patients with communicating hydrocephalus and cerebral atrophy. The method here described involves lumbar puncture only and can be done at the bedside (Hartmann and Alberti, 1977) . Garretson and Brindle (1972) demonstrated that the intraventricular pressure equals the lumbar pressure. In a few patients with communicating hydrocephalus we have performed simultaneous recordings of intraventricular and lumbar cerebrospinal fluid pressure ( Fig. 1) , and we confirm the statement of Kaufman and Clark (1970) At the end of the study one end of the threeway stopcock at the transducer was connected to a non-pulsing infusion pump. For the intrathecal infusion study sterile normal saline was used; the patients were lightly sedated with diazepam. The infusion rate was 0.92 ml/min for 60 s, thereafter CSF pressure was recorded for 15 s. These alternating infusion and recording procedures were repeated as long as the patient did not complain of headache or nausea. If the patient tolerated the infusion well, the study was stopped after 60 min or at a CSF pressure of 50 mmHg. In some patients an additional infusion rate of 1.84 ml/min was employed, again with a recording time of 15 s between two episodes of 60 s of infusion. Thus the absolute infusion rate was 0.74 ml/min for the lower rate and 1.47 ml/min for the higher rate. We report the study of 27 patients consecutively admitted to our clinic. To evaluate the usefulness of continuous monitoring of the CSF pressure and the intrathecal infusion test, the results of these tests were not used for classification of the patients.
Results Table 2 gives a summary of the data on the CSF pressure monitoring: the level and range of the CSF pressure without consideration of plateau waves, the occurrence of plateau waves, the type of reaction of the CSF pressure to intrathecal infusion, the maximum CSF pressure during the infusion, and the time taken to achieve the maximum CSF pressure. In the CH-group eight out of 14 patients had a CSF pressuLre range which sometimes exceeded 15 mmHg. Patient 4 was monitored twice. Four weeks after his subarachnoid haemorrhage an increased pressure was observed. Two months later the CSF pressure was almost normal.
In cases 1, 3, 5, 7, and 4 during the first monitoring, CSF pressure was increased while awake; in cases 2, 12, and 14 only when asleep. Nine patients presented with plateau waves of pressure (Fig. 2) . In three cases (1, 5, and 12) pressure rises were observed, which resembled the A-waves described by Lundberg (1960) . In case 14 these A-waves occurred only six days after the bleeding (Fig. 3) . In patients 1, 4, 5, 7, 9, 10, 11, and 14 pressure elevations of shorter duration with characteristics of Lundberg's B-waves were observed (Fig. 2) Lundberg's C-waves were seen in both groups but were higher in the group with communicating hydrocephalus. Type D: initial increase until the CSF pressure reached a plateau which lasted for the rest of the infusion. No complaints.
In the CH-group seven patients showed a normal reaction to the infusion (type C and D). All seven patients with an abnormal response (type A or B) occasionally showed plateau waves in the continuous monitoring, but not all patients with plateau waves showed a pathological reaction to the infusion study. The three cases with type A reaction complained of headache and nausea after 11-17 min at a pressure between 28 and 46 mmHg. The three patients with type B reaction reached their peaks within 20-39 min at a CSF pressure between 42 and 52 mmHg. The higher infusion rate was tested in six patients of this group. Only one patient did not complain. All others showed a type A or B reaction.
All patients of the control group could be listed in the infusion test as having type C or D response using the slower rate of infusion. In none of them did the CSF pressure exceed 37 mmHg. However, with the higher infusion rate in eight subjects, we noted in six a change to type A or B reaction with a maximum CSF pressure between 24 and 47 mmHg.
Discussion
After the work of Adams et al. (1965) . it was accepted that in the chronic state of hydrocephalus with free communication between the ventricles and the spinal subarachnoid space the intrathecal pressure is normal ('normal pressure hydrocephalus'). Using an epidural transducer. however, Symon et al. (1972) demonstrated that paroxysmal elevations of intracranial pressure occurred in communicating hydrocephalus. They assumed that the dissociation between production and absorption of the CSF leads to the development of hydrocephalus internus, and that a later equalisation occurs with paroxysmal disturbance resulting in plateau waves. It has been stated that patients with plateau waves benefit more from a shunt operation than those without (Chawla et al., 1974) .
Our data indicate that in some patients with communicating hydrocephalus the CSF pressure remains elevated, and that in other patients with average normal pressure the CSF pressure sometimes exceeds the normal range (Fig. 7) . With non-continuous measurements of the CSF pressure these plateau waves may escape detection. Reduction of the pressure by a shunt drainage was associated with clinical improvement of varying degrees. The CSF pressure was normal in patients with cerebral atrophy from other causes. Plateau waves did not occur. From this point of view it would not be necessary in these patients to install a shunt.
The increased CSF pressure in some cases Nvith chronic communicating hydrocephalus indicates that, at least in the acute phase, intracranial pressure is elevated and might damage brain tissue. This is validated by repeated measurements in case 4 and 14 (Fig. 3a) , and other subjects (Fig.   3b ). Since an elevated intracranial pressure may impair brain tissue functions by reduction of blood flow (Greitz et al., 1969; Mathew et al., 1974) , CSF drainage should be considered as early as possible. If, however, CSF pressure decreases rapidly in the acute phase (Fig. 3b) , a shunt should be considered only in the presence of a pathological intrathecal infusion test or plateau waves.
The infusion stuLdy originates from the work of Foldes and Arrowood (1948) , and was further developed by Hussey et al. (1970 ). Wolinsky et al. (1973 ) and Trotter et al. (1974 catheter which was in place before the infusion study for at least 24 hours. It was unlikely that it would slip from the subarachnoid space to the subdural space during the infusion.
The rate of CSF production in humans has been estimated as being between 0.26 and 0.65 ml/min. The usual absorption rate may be exceeded by three to four times in normal subjects, and in some instances even by six to eight times (Hussey et al., 1970) . These authors observed that in children and adults suffering from various diseases of the central nervous system, including communicating hydrocephalus, a reduced tolerance occurred to infusions at several rates. Since only one out of 14 patients with Alzheimer's disease showed a pathological reaction, the authors believed that a normal and disturbed absorption can be differentiated with this test.
In our study all patients of the control group tolerated well the infusion at a rate of 0. 74 ml/min. Seven subjects showed a mild continuous rise of the CSF pressure (type C reaction) which at no time produced side effects. In these cases the total fluid (CSF produced and infused normal saline) probably exceeded the amount absorbed. However, it was not enough to produce clinical symptoms within 60 min. These results were classified as being normal. The other six subjects showed an initial increase of the CSF pressure with achievement of a plateau (type D reaction). Again, no side effects were noted. The plateau of pressure indicates a level at which the amount of absorbed fluid equals the total amount produced.
At this rate seven patients with communicating hydrocephalus showed a pathological reaction (type A or B reaction, Fig. 8 ) and seven patients Chart reads from right to left.
showed a type C or D reaction. If the time to achieve the maximum CSF pressure during infusion and the initial and maximum CSF pressure are compared, it may be seen that a distinct differentiation between control patients and patients with communicating hydrocephalus cannot be made (Fig. 9) . Using the doubled infusion rate, the increase of the CSF pressure was faster in five out of six patients with communicating hydrocephalus than in all eight control patients (Fig. 9) (Appenzeller and Salmon, 1967;  Salmon and Armitage, 1968) . In collaborative work, Mathew and coworkers (1975) 
